SUMMARY: Spatial distribution, population density, number of ovigerous females, and relative growth of Microphrys bicornutus were studied in an extremely shallow Thalassia complex (Buchuaco-Venezuela). Monthly sampling was undertaken in 5 different biotopes (zones) (July 1988 to December 1990. Zone 3 (coral rubble) was the least populated by M. bicornutus. The highest densities were found in Zones 1 (coral rubble and macro algae) and 4 (Thalassia and calcareous algae). Crab size ranged between 1.86 and 35.40 mm (carapace length). The largest mean size was found in Zones 2 and 5, and the smallest in Zone 1. The least mean percentage of ovigerous females was found in Zone 3, and the highest in Zone 5. There were strong temporal fluctuations, with the absence of ovigerous females in the first months of each year. The biometric data showed that pre-pubertal males ranged from 1.80 to 24.20 mm carapace length, and post-pubertals from 15.16 to 26.15. Pre-pubertal females ranged from 3.16 to 20.25 and post-pubertals from 8.84 to 21.85. Zone 3 was the most inadequate biotope for M. bicornutus, as it had the lowest density and the least mean percentage of ovigerous females. Zone 4 was the most appropriate biotope. Temporal absence of ovigerous females and the small sizes of the crabs in Buchuaco could be due to extreme environmental conditions. Keywords: Crustacea, Brachyura, spider crabs, Microphrys bicornutus, spatial distribution, population density, relative growth.
INTRODUCTION
There are numerous publications that deal with the spatial distribution of marine organisms at the community and species levels. For instance, fish assemblages, macroinvertebrates, and specifically Mithraculus spp. communities, have been well described in seagrass (Thalassia testudinum) beds. Several factors have been given to explain the spatial distribution of crustacean decapods. Salinity gradients (Norse and Estevez, 1977; Norse, 1978a Norse, , 1978b , content of organic matter and sediment texture (Fransozo et al., 1992; Mantelatto, 2000) , degree of exposure to wave action (Murphy and Fonseca, 1995; Martínez Iglesias and García Raso, 1999; Carmona-Suárez, 2000) , and moulting stage (Ryer et al., 1990) , are considered to be some of the features that could explain the population and community distribution of several decapod species.
The State of Falcón (Venezuela) is situated in a region characterized by abnormally arid conditions (Lahey, 1973) , where rainfall is scarce and nutrients are low. On its coasts, coral reefs are confined to two areas: Morrocoy National Park, and the coastal strip between Adícora and El Supí -Paraguaná Peninsula (Carmona and Conde, 1989) . Furthermore, Thalassia seagrass-beds are also found in the abovementioned areas, and in two other localities situated in the Paraguaná Peninsula (Carmona and Conde, 1989) . In the State of Falcón, stunted growth and marked seasonal reproduction of several Brachyura have been observed and hypothesized to be correlated to extreme environmental factors Conde and Díaz, 1992; Carmona-Suárez, 1992 .
The decorator crab Microphrys bicornutus has a geographical distribution that ranges from Beaufort (North Carolina, USA) to Santa Catarina (Brazil) (Williams, 1984) . It is a frequent inhabitant of Thalassia meadows, as well as coral reefs and red mangrove roots (Heck, 1977; Lemaitre, 1981; Williams, 1984; Carmona-Suárez and Conde, 1996; López-Greco et al., 2000) . A number of papers deal with several aspects of the biology and ethology of this crab. For instance, decorating behaviour has been well described by Getty and Hazlett (1978) , Guzmán (1979) , and Kilar and Lou (1984) , as well as agonistic postures and distance separation between congeners (Hazlett, 1972 (Hazlett, , 1979 . Kilar and Lou (1986) also indicate the importance of the camouflaging material in the diet of M. bicornutus. In addition, Hartnoll (1965) refers to several biological characteristics, including relative growth and reproductive aspects. However, few works deal with population aspects of this spider crab, and is only approached to some extent by Carmona-Suárez (1992) and López-Greco et al. (2000) .
The purpose of this work is to establish the spatial distribution and elucidate the possible factors that induce it, as well as to determine population density variations between different biotopes, and give more details concerning relative growth and reproduction of the decorator crab Microphrys bicornutus living in an extremely shallow Thalassia complex. Finally, an attempt will be made to show what effects the extreme shallowness of the area has upon the population of this species.
MATERIALS AND METHODS

Sampling area
An area of 7700 m 2 was selected at the location of Buchuaco (11°59'N, 69°49'W), on the eastern coast of the Paraguaná Peninsula (State of Falcón, Venezuela) (Fig. 1) . It is made up of a Thalassia complex, delimited on the eastern side (ocean side) by a fringing coral reef, which protects the complex from the strong waves that predominate in the area.
On the northern side the Thalassia complex extends itself for several tens of meters; a shallow sandy beach delimits the southern side, and the western side is defined by the coastal border (Fig. 1) . The whole sampling site is extremely shallow and does not exceed 70 cm deep. Five different sampling zones were chosen: Zone 1 (approx. 5x5 m), composed mainly of dead coral rubble and macro-algae; Zone 2 (5x4 m), with Thalassia testudinum and dead coral rubble; Zone 3 (3x8 m), dead coral rubble; Zone 4 (6x6 m), Thalassia and calcareous algae, distant from the reef; and Zone 5 (6x6 m), also with Thalassia and calcareous algae, but near the reef.
Physicochemical parameters
The following physicochemical parameters were measured every month: water temperature, salinity, and variations in the sea level from April 1988 to July 1991, and dissolved oxygen from April 1988 to December 1990. Salinity was measured with a temperature compensated refractometer; temperature and dissolved oxygen with an YSI ® dissolved oxygen meter. A permanent graduated (in cm) post fixed to the sea bottom was used to measure the sea level. The graduated post ranged from 0 cm at the top, to 70 cm at the bottom; thus, measures are shown as negative numbers. In order to take more accurate readings, and to reduce the effects of water level oscillations caused by wave action, a hollow plastic bucket was placed around the post. Measurements were taken at 9 am, 12 pm, 3 pm and 5 pm.
Sampling
Monthly sampling was carried out manually in each of the selected biotopes, using a 0.25 m 2 quadrate thrown haphazardly in each zone 5 to 6 times, from July 1988 to December 1990. It was considered appropriate to use a 50x50 cm square as sampling area due to the fact that Microphrys bicornutus exhibits a terminal anecdysis (Hartnoll, 1965) , does not exceed an adult carapace length of 35.5 mm (see Carmona-Suárez, 1992 , for review), shows a high degree of site attachment (Hazlett, 1979) , and is a species which exhibits very slow movements. Almost all the biota (Thalassia, algae, and/or coral rubble) that was present on the surface of the sea bottom within the quadrate, was removed and thoroughly inspected. Captured animals were counted in the field, measured (carapace length) with a precision (+/-0.1 mm) caliper, their sex determined, and number of ovigerous females determined. Afterwards, they were returned to their environment. For the biometrical analysis additional captures outside the sampling areas were undertaken. These individuals were brought to the laboratory, where their carapace length (in both sexes), chela width (in males) and abdomen width (in females) were measured in order to apply regression analysis to determine relative growth and sexual maturity, following the methodology used by several authors for brachyuran crabs (Pinheiro and Fransozo, 1993; Sampedro et al., 1999; Carmona-Suárez, 2003) . Post-pubertal males were identified by observing the propodite of the chelipeds: these have an additional tooth in the internal border, which is absent in pre-pubertal males (Hartnoll, 1965; CarmonaSuárez, 1992) . Post-pubertal females are different from pre-pubertal females by having an almost round abdomen.
Statistical Analysis
After testing for normality and homogeneity, data that did not meet these criteria (even when logtransformed) were analyzed with nonparametric statistics. Population densities, body size of males, females and all crabs, and mean percentages of ovigerous females between sampling zones, were compared with the Mann-Whitney (W) test. An RxC test was performed to compare sex ratios between zones during each sampling year and for the total sampling period (Sokal and Rohlf, 1995) . Furthermore, separate logistic regressions were applied for males and females in order to establish their size at sexual maturity (carapace length at which 50% of the animals in each of the sexes is mature) (Sampedro et al., 1999; Mura et al., 2005) . Most of the statistical analyses were performed with the computer programs Statgraphics Plus 5.0 and Satistica '99 Edition. Biometrical analyses were carried out using the least square method (Sokal and Rohlf, 1995) .
RESULTS
Physicochemical parameters
Salinity showed a mean of 36.8 (n= 41, SD= 1.10). Although there were no extreme variations in salinity (range 34 to 40), there were clear peaks in September 88 (39), June 89 (38), December 89 (38), January 91 (38) and May 91 (40) (Fig. 2) . The lowest values (34) were found in August 90. In spite of this, no periodicity in salinity variations was detected. Water temperature ranged between 24.0 and 30.0°C (n= 40, mean= 27.10, SD= 1.50) and showed periodical fluctuations (Fig. 2) , with peaks in April 88 (30°C), September 88 (29.5°C), September 89 (28.5°C), August (29°C) and October 90 (29°C), and July 91 (30°C). The lowest temperatures were detected in January 89 (25°C), February 90 (24°C), and January 91 (25°C). Although dissolved oxygen was not measured during all the sampling months, it had a mean of 6.68 mg O 2 /l (n= 27, SD= 1.82, min= 4.30, max= 11.20), and peaks occurred in May 88 (8.6 mg O 2 /l), January 89 (11.2 mg O 2 /l), July 89 (9.3 mg O 2 /l), July 90 (9.6 mg O 2 /l) and October 90 (10.6 mg O 2 /l) ( Fig. 2) .
Mean, maximum and minimum seawater levels were calculated from each monthly measurement (Fig. 3 ). Peaks were observed in November 88, September 89, and October 90. However, extremely low levels were detected in April 89, February 90, and July 91. In general, water level variations displayed gradual increases towards the last months of the year, and these gradually decreased towards the first months. Due to the extremely shallow conditions of the area, the sea-bottom was exposed to the air during low water levels from 2 to 9 hours. Below the -38 cm mark, several sampling zones began to be exposed: Zone 3, when the sea level reached the -38 cm mark; Zone 2 at -44 cm; Zones 4 and 5 at -48 cm; and Zone 1 at -54 cm. On April 2 1991, due to extremely low water levels (-52 to -62 cm), almost all the sampling areas were exposed to the air. No winds were blowing at the time, water temperatures increased up to 34°C, and salinity reached 40. Dissolved oxygen could not be measured. After 3 pm, considerable quantities of diverse animals appeared either dead or moribund, such as: fish (Abudefdus saxatilis, surgeonfish, scorpionfish, moray eels), sea cucumbers, crabs (Callapidae, Portunidae, Xanthidae), the gastropod Aplysia sp., the sea urchin Diadema antillarum, and sedentary polychaetes among others. Most of the exposed Thalassia was dry on the upper part.
Population density, sex relationship, body size and reproduction
Total density (all sampling sites together) had a grand mean of 1.7 crabs/0.25 m 2 (Table 1 ). The highest densities appeared in Zone 1 and Zone 4. The lowest values were found in Zone 3. Significant differences were found in the densities between the zones . Thick horizontal line marks the sea level at which the bottom begins to be exposed to the air. Box= mean; upper tick= maximum monthly sea level measurement; lower tick= minimum sea level measurement. During population density measurements, a total of 1357 crabs (649 males, 614 females, and 94 undefined) were collected in a period of 30 sampling months (Table 2) . No deviations from the Mendelian proportion were found in the sex relationship during the whole sampling period, or in any of the sampled zones or years (all G-tests were non-significant at p>0.05).
The size of all sampled animals ranged between 1.86 and 35.40 mm (carapace length) (mean= 8.59; SD= 4.34; n= 1263). Descriptive statistics of animal size of males, females and totals for each of the sampling zones are shown in Table 3 . The mean size of the total number of crabs was largest in Zone 5, and smallest in Zone 1. There were significant differences in total crab size between Zones 1 and 2, 1 and 5, as well as between 2 and 4, 3 and 5, and 4 and 5 (Table 4a ). Significant differences in female size were found between Zones 1 and 2, 1 and 5, 2 and 4, and between 4 and 5 (Table 4b ). The mean size of females was largest in Zone 5, and smallest in Zone 1 (Table 3) . Male size differed significantly between Zones 2 and 3, 3 and 5, and 4 and 5 (Table 4c ). The largest males (mean size) were found in Zone 5, whilst the smallest mean size was found in Zone 3 (Table 3) .
Ovigerous females were present in all the sampling zones, showing a grand mean of 68.9% (n= 134; SD= 33.68). The least mean percentage of ovigerous females was found in Zone 3 (n= 23; mean= 24.0; SD= 41.85), and the highest in Zone 5 (n= 29; mean= 58.9; SD= 46.71). Zones 3 and 5 (W= 469**). The range in all the zones varied between 0% and 100%, thus showing periods where ovigerous females were completely absent (Fig. 4 ). There were high fluctuations during the entire sampling period, but no rhythmicity was detected. Nevertheless, ovigerous females were absent at the lowest temperatures (January 89; February-April 90; January-February 91) (Fig. 4) , and they were significantly correlated with surface water temperature (% ovigerous females= -251.7 + 11.754xTemperature; n= 37, p<0.05).
Relative growth
Four hundred and five males and 422 females were captured for biometrical analyses. Pre-pubertal males ranged between 1.80 and 24.20 mm carapace length (n= 281; Mean= 10.74; SD= 6.01), whilst post-pubertal males ranged between 15.16 and 26.15 (n= 88; Mean= 21.39; SD= 2.55). The molt of puberty in males takes place between 15.14 and 23.26 mm carapace length (Fig. 5) , with a significant change in the slope from 1.07 to 1.92 (F= 507.13; DF= 365; p<0.001) . Pre-pubertal females ranged between 3.16 and 20.25 mm carapace length (n= 138; Mean= 9.41; SD= 3.91), whilst post-pubertal females ranged between 8.84 and 21.85 (n= 283; Mean= 16.23; SD= 2.56). The molt of puberty in females takes place between 8.84 and 20.18 mm carapace length (Fig. 6) , with a significant change in the slope from 1.33 to 0.97 (F= 105.24; DF= 418; p<0.001). Regression equations for both sexes are shown in Table 5 . Logistic regressions showed that 50% of males reached morphological maturity at a carapace length of 19.88, and females at 12.00 mm carapace length (Fig. 7) . in Zones 1 and 4, and Zone 3 was the least populated area. The lowest population density in the latter zone may be explained by the fact that this area is almost entirely deprived of plants and other animals, therefore offering little food and decoration resources for this masking crab. Furthermore, this area is the shallowest of all, and is the first to be exposed to the air when the water level declines, thus experiencing greater environmental fluctuations. Although there are significant differences in crab density between Zones 4 and 5, these two zones have almost the same biotope composition (Thalassia and calcareous algae); however, the reasons for these differences are not clear. Speculatively, they may be related to the proximity of Zone 5 to the coral reef, which is a less protected area than Zone 4. This latter area is situated further away from the reef, and always presented a higher density of Thalassia and calcareous algae. Moreover, due to the proximity of Zone 5 to the reef, coral rubble is often found in this area, which is possibly another factor influencing the population density. Taking into account the mean body size of each sex and of the total of the animals for each sampling zone, Zones 2 and 5 were the areas where the largest animals appeared, although the largest individual was found in Zone 4, whilst the smallest one appeared in Zone 1. It is possible that crabs preferred Zones 1 and 4 because they offer more food and decorative resources, better protection from exposure to the air during extremely low tides (they lay deeper than Zones 2 and 3), and less exposure to high-energy waves. Hartnoll (1965) states that it was impossible for him to visually separate pre-pubertal from postpubertal males, but in the present work this was not the case. In addition, López-Greco et al. (2000) apparently did not encounter any problems in visually separating pre-pubertal from post-pubertal males. Results on relative growth of M. bicornutus in Buchuaco are similar to those presented by López-Greco et al. (2000) for this species on Isla Margarita (Venezuela). For female specimens in both localities, juveniles exhibited positive allometric growth of the abdomen and negative allometric growth in adults. However, even though in males the allometric slope increases from pre-pubertal to postpubertal in both localities, in Buchuaco this change is greater than on Isla Margarita (from 1.07 to 1.92 Buchuaco, and 1.14 to 1.26 Margarita). Furthermore, there are differences in the size of the smallest post-pubertal (SP) males and females between the populations of Buchuaco and Isla Margarita (Table 6 ). SP males were larger in Buchuaco, but SP females were larger on Isla Margarita. The largest pre-pubertal males (LP) were larger in Margarita, but LP females had almost the same size in both locations.
The presence of ovigerous females did not show a rhythmically fluctuating pattern, but their absence during the months with the lowest temperatures was evident (Fig. 4) . This contrasts with the appearance of ovigerous females throughout the year in another location in Venezuela (Isla Margarita; López-Greco et al., 2000) , where they ranged from 33.7 to 64.9% of the total sampled females. Moreover, Hartnoll (1965) reported that ovigerous females in Jamaica are frequently found from December to July, which indicates that they were present even in the months when they did not appear in Buchuaco. The mean percentage of ovigerous females was lowest in Zone 3, but significantly different only in Zones 2 and 5. This may be due to the extreme conditions of this biotope, which were explained above when discussing population density differences between the sampling zones.
In tropical regions it is well known that Brachyura (and crustacea in general) breed throughout the year (Hartnoll, 1965; Cobo, 2002a Cobo, , 2002b , but temperature variations can influence the percentage of ovigerous females during the year, at least in crabs that live in shallow waters, so that the lowest values appear during the lowest temperatures. This has been observed in M. bicornutus (this work), and in another tropical crab, Pilumnus vespertilio (Litulo, 2005) . In both species, there is a positive correlation between the percentage of ovigerous females and temperature. Nevertheless, the mechanisms behind how temperature influences the secondary production in tropical crabs have not been clearly examined.
The extremely shallow conditions of the Thalassia complex in Buchuaco seem to be a key factor for explaining different events that occur in the population of Microphrys bicornutus, compared with other studied populations of this species. This has been indicated previously by Carmona-Suárez (1992) for this location, concerning the smaller body size of M. bicornutus compared with other localities in the Caribbean. For instance, López-Greco et al. (2000) , dealing with several population features of M. bicornutus on Isla Margarita (Venezuela), report a mean carapace length (CL) of 15.08 mm for males; whereas Carmona-Suárez (1992) indicates that in Buchuaco mean size was 8.5 mm CL for the same sex. In the present work males show a similar mean size of 7.99 mm CL. This confirms the smaller body size of this spider crab, even between locations within the same geographical region (Buchuaco and Isla Margarita). Moreover, in another extremely shallow Thalassia complex (0 to 0.4 m depth) located in Morrocoy National Park (Venezuela) (between 10°47' -10°59'N, and 68°09' -68°22'W), and roughly 214 km eastward from Buchuaco, ovigerous females of four species of spider crab, from the Genus Mithraculus, have been found to appear only during some months during the year, and are barely present in the sheltered seagrass areas (Carmona-Suárez, 2000) . This National Park is well known for its high diversity and the complexity of its coral reefs, mangrove forests and Thalassia meadows, and has been the object of extensive biological and ecological research studies (see Klein and Bone, 1995 for review) . It seems therefore obvious to assume that water shallowness may play an important role in the energy budget of these crabs, which is reflected in their poor secondary production, but the mechanisms are still unknown.
Low water levels during the first months of each year (except in 1991, when they occurred between April and July) caused several areas of the complex to be frequently exposed to the air so that the crabs were threatened with desiccation, high temperatures, and deprivation of available dissolved oxygen. This indeed happened in April 1991, when extensive areas were completely exposed to the air for several hours during the day, and winds were totally absent. Water temperature and salinity were higher than normal (34°C and 40 respectively). Many organisms that lived buried in the sediment, as well as organisms that were normally not visible during the samplings, were found either dead or almost dead. Physiological effects of air exposure have been described in the decapods Cancer pagurus (Regnault, 1992) , C. productus (De Fur and McMahon, 1984) and Panulirus argus (Vermeer, 1987) , evidencing an increase in blood ammonia during emersion. This could cause physiological stress that may be reflected in growth and secondary production, and should also be considered in the case of M. bicornutus in Buchuaco.
Mass mortality events are not an uncommon phenomenon. They have been documented at the species and community levels. These catastrophic events can occur due to different reasons, such as diseases (Carpenter, 1990) , hurricane effects (Stoddart, 1962; Glynn et al., 1964; Orihuela et al., 1991) , a combination of different biological and oceanographic processes (hydrology, meteorological components, high pelagic productivity, pollution) (Stachowitsch, 1984) , unusual holomictic conditions (Barić et al., 2003) , high temperatures in intertidal areas (Tsuchiya, 1983) , or upwelling events and severe salinity declines (Goodbody, 1961; Laboy-Nieves et al., 2001) . Nevertheless, in Buchuaco, community mass mortality was most likely induced by depletion of dissolved oxygen due to the combined effects of the prolonged exposure of the marine bottom to the air, wind stillness and high day temperatures. Although this event happened only once during over 3 years of field sampling in this area, it shows the fragility of this ecosystem complex and could, in part, explain the smaller sizes of Microphrys bicornutus compared with other populations from the Caribbean (Carmona-Suárez, 1992) , the low population densities of this species, and the absence of ovigerous females during the lowest surface temperatures.
Further investigations are necessary in order to clearly establish which mechanisms the population of Microphrys bicornutus is employing to survive in such extreme environmental conditions (exposure to air, high temperatures, and low levels of dissolved oxygen) as those found in Buchuaco, and to understand in general how sublittoral crab populations adapt to living in conditions that are more suitable for intertidal organisms. In this sense, physiological experiments should be carried out to compare thermal and respiration limits in populations that live in locations where environmental conditions are considered normal, and in populations that dwell in extreme environmental conditions which vary greatly.
